The etiology of recurrent attacks of serositis in familial Mediterranean fever (FMF) is not completely understood. Uncontrolled clinical case series have reported that factors associated with emotional, physiological, or physical stress precede and might trigger the attacks. This case-crossover study, conducted between July 2007 and May 2008, aimed to estimate the role of precipitating factors in attacks in a sample of Armenian FMF patients in Yerevan, Armenia, where 104 patients contributed 55 case and 189 control time periods. The authors used conditional logistic regression to compare frequency of exposure to stressful events, strenuous physical activity, menstrual periods, and high-fat food consumption prior to FMF attacks and on attack-free random days. Multiple stressful life events predicted FMF attacks 2 days following the event. After adjustment for treatment, an additional stressful event was associated with an estimated 70% increase in the odds of having an FMF attack on the second day (95% confidence interval: 1.04, 2.79). High levels of perceived stress were also associated with FMF attacks. Physical exertion and high-fat diet did not increase the likelihood of FMF attacks. The possibility of prevention of attacks in FMF needs to be tested through stress-reduction interventions.
The etiology of familial Mediterranean fever (FMF) is not completely understood. Although it has been established that mutations in a single gene cause the disease (1), other factors may play additional roles in the etiology.
The disease starts at a young age and manifests itself with recurrent episodes of abdominal or chest pain, arthralgia, and fever (2) . Clinical symptoms often lead to hospitalization and unnecessary surgery. Widespread pain and sleep deprivation result in decreased quality of life during the attacks (3). Between episodes, the patients appear completely healthy, but their everyday functioning is affected by the spontaneous nature of the attacks.
The role of nongenetic factors in the etiology has been investigated by a number of authors (4) (5) (6) . A twin study has shown variability in symptoms and severity within monozygotic twins with FMF, suggesting a role for nongenetic factors in disease manifestation (7) . Others have found that affected and nonaffected individuals in a large pedigree shared the same genotype (8) , that clinical manifestation of the disease varies in individuals of the same ethnic origin living in different countries (9) , and that patients with the same mutations in the FMF gene have different disease courses (6) . It has been proposed that the single-gene model does not completely account for all FMF cases and that nongenetic factors might be involved (10) . Unpredictability, seasonal variation, and the varying duration and intensity of attacks throughout the life span suggest that FMF attacks are precipitated by external factors (2) .
Several uncontrolled clinical series have reported that physical activity; stressful events; feelings of anger, anxiety, excitement, and grief; a high-fat-content diet; and menstrual periods may trigger FMF attacks (11, 12) . However, these reports did not include control groups and did not report measures of association between the triggers and FMF attacks.
The present study aimed to quantify the effect of triggers on FMF attacks. We hypothesized that FMF patients exposed to stressful events, strenuous physical activity, foods with high levels of fat, and menstrual periods are at an increased risk of FMF attack within a 2-day period after exposure.
Treatment with 1-2 mg of colchicine a day has been shown to prevent or alleviate the attacks in the majority of patients (13) . We hypothesized 2 potential mechanisms of colchicine effect. The first might be through modification of the effect of the triggers on the risk of FMF attacks, whereby triggers do not elevate risk in the presence of colchicine. In the second, colchicine might act as a confounder in the relation between triggers and FMF attacks. It reduces the risk of attacks and might lead patients to engage in ''harmful'' behaviors, such as consumption of fatty food or participation in physical activity due to perceived protection from taking colchicine.
MATERIALS AND METHODS
We used the case-crossover design (14) to systematically assess whether the reported triggers occurred more often before FMF attacks than they did in the attack-free periods.
The study was conducted between July 2007 and May 2008 in Yerevan, Armenia. FMF patients above 7 years of age were eligible, and they were diagnosed by a physician, genetic testing, or both. The patients were recruited from 3 medical facilities: the Center of Medical Genetics, a facility that performs molecular diagnosis of FMF, and 2 in-patient facilities with specialized FMF departments. In the 2 in-patient facilities, we approached and enrolled only patients who came for outpatient visits. No hospitalized patients were included in the study.
FMF diagnosis was confirmed by the results of genetic testing available from the Center of Medical Genetics database. Patients with renal involvement (proteinuria on at least 2 consecutive tests based on the results of recorded urine tests) were excluded from participation because of the possibility of differential effect of the triggers in the presence of nephrotic syndrome. The study design is depicted in Figure 1 .
Potential participants went through the informed consent process. Those who agreed to participate and to be contacted for a follow-up were interviewed at baseline to collect demographic, medical, and family history data. We also assessed patients' perception of factors leading to their attacks in an open-ended question.
Participants were interviewed over the phone during the follow-up. Three interviews were planned: 1 case window and 2 control window interviews. Following the lead of Maclure and Mittleman (15) , we defined the effect period for the triggers as the maximum induction time in the FMF patients. Because the distribution of the induction times in Armenian FMF patients is unknown, our decision regarding the length of the effect period and the relevant exposure window was guided by the reports on the natural history of the disease prior to widespread treatment with colchicine. The shortest described period between FMF attacks is 72 hours, and the average duration of attacks is 24 hours (4). Therefore, assuming an acute effect of triggers, we determined that the length of the relevant exposure window should not exceed 48 hours. The participants were asked to call the investigator immediately after the attacks for case interviews. We also actively contacted the patients to ascertain FMF attacks. Abrupt onset and complete resolution of attacks in about 2 days facilitated data collection on the exposures and on their timing with respect to the attacks. Prior reports emphasized a high sensitivity of self-diagnosed attacks in FMF patients (16) . The case definition of an attack included all manifestations of FMF: abdominal pain, chest pain, arthritis or joint pain, skin manifestations, fever, or other symptoms. The participants were asked about the characteristics of the FMF attack: the severity, duration, and localization of the pain, as well as about their exposures to high-fat foods, heavy physical activity, stress, and the timing of their menstrual periods. Exposure was recorded going back 2 days (not including the day of the attack for the case and the day of the interview for the control interviews). The Figure 1 insert shows the timing of exposures to the potential triggers with respect to FMF attacks.
In addition, the patients were interviewed on symptom-free days with the same structured questionnaire. The dates of the control interviews were selected at random. When a control interview coincided with an FMF attack, it was reclassified as a case window interview, and an additional control interview day was selected at random. Each patient was followed up until the total number of interviews reached 3. However, not all patients completed 3 interviews. We asked the patients who refused to participate in the study about their reasons for nonparticipation. Four eligible patients refused to participate because of lack of time (3 patients) and being ''too depressed'' to participate (1 patient). Of the 167 initial participants, 104 patients contributed 244 time periods, including 55 cases and 189 controls. Sixty-three patients (38%) were lost to follow-up because of wrong contact information (19 participants), nonresponse to calls (11 participants), a negative test for FMF mutations (9 participants), relocation (6 participants), and unknown reasons (18 participants) ( Table 1) . Nonparticipation in case-crossover studies can result in ''biased case selection'' (14, p. 150) if the reason for participation is related to exposure to the proposed triggers. We minimized biased self-selection by not revealing the full list of triggers under investigation to the potential study participants.
A list of stressful events was developed on the basis of the Stockholm Heart Epidemiology Program (SHEEP) questionnaire used for case-crossover analysis of stressful events and risk of myocardial infarction (17) . The list of stressful events included job interviews, examinations, change in work load, a move, financial problems, loss of loved ones, and others. Stress was also measured by the Perceived Stress Scale, a 14-item instrument that assesses the degree to which one finds various situations uncontrollable and overwhelming (18) . Each question was scored ''1'' for positive response and ''0'' for negative response. The summary measure of perceived stress was defined as the sum of positive responses. The Perceived Stress Scale questions referred to ''recent time'' without specific mention of the 2-day period and measured the ''background'' stress level.
''Physical activity'' was defined as any activity that requires heavy exertion, profound sweating, and correspondence to metabolic equivalents of 6 or more according to generally accepted values (19) . The list of activities included prolonged fast walking, stair climbing carrying a heavy load, running, other sports, quick dancing, and so on.
Exposure to a high-fat diet was assessed by means of a modified version of the Block Screening Questionnaire for Fat Intake (20) . Some items were combined, and others were added to represent the usual diet in Armenian patients. The number of consumed items was calculated from the list: beef, pork, other lunch meat, butter, mayonnaise, eggs, cheese, milk, popcorn, French fries, sour cream, yogurt, ice cream, and pastry.
The study was approved by the institutional review boards of the Johns Hopkins Bloomberg School of Public Health and the American University of Armenia.
First, we looked at the frequency of exposure to each of the triggers prior to case and control periods. Second, we used conditional logistic regression to estimate the rate ratios of FMF attacks. We tested the hypothesis of effect modification by colchicine by including interaction terms in the models. Wherever the data did not support a differential trigger effect by treatment status, we adjusted for treatment use in the 2-day period of case and control windows to control for potential confounding. In all analyses, the attack-free time was assumed to be exchangeable with FMF attacks in susceptibility to the triggers and influence of other factors. Further, we assumed absence of temporal trends in the frequency of exposures to the proposed triggers (21) . This assumption is reasonable for the menstrual period. We checked the stability of the frequency of exposure to a high-fat diet and heavy exercise by comparing control window data before and after the attacks. As can be seen in Table 1 , some participants contributed only1 kind of time periods: either case or control. For example, there were 12 patients with 1 time period, 38 patients with 2 case or 2 control time periods, and 6 patients with 3 control periods in our sample. Therefore, only 48 patients, including 50 case and 88 control periods, could contribute information to the conditional logistic regression analyses. For each of the triggers, we were interested in the estimated time between exposure and FMF attack that was associated with the largest estimate. We looked separately at days 1 and 2 prior to attacks (Figure 1 ) to estimate the effect period for the triggers (14) .
We used logistic regression to identify predictors of having an attack during follow-up. Goodness of fit of the adjusted model was tested. We also inspected the ability of the model to distinguish between patients with and without FMF attacks using the area under the receiver operating characteristic curve and its 95% confidence interval.
All analyses were conducted by using Stata, version 10, statistical software (22) . Table 2 presents the demographic and medical history characteristics of the original sample, patients with available follow-up and patients with missing follow-up. We compared the characteristics of patients with and without complete follow-up and did not find differences in any of the variables of importance (Table 2) .
RESULTS
Only a few patients in our sample had the M694V/M694V genotype, which is associated with the most severe phenotype of FMF (5) . Fourteen percent of the sample did not have any of the investigated mutations in the FMF gene. The majority of patients were newly diagnosed and did not have family history of FMF ( Table 2) .
The proportion of stressful events prior to case periods was higher than that of prior control periods irrespective of the timing of exposure: 60% of case periods and 49% of control periods were preceded by stressful events.
The estimated associations between stressful events and FMF attacks are shown in Table 3 . The association was strongest on the second day before the attack, approximating a 2-fold increase following at least 1 stressful event, although this was only of borderline statistical significance. The association was considerably weaker for events on the day before the attack. Among patients who did not mention ''stress'' as a possible ''cause'' of their attacks, the odds ratios were similar to those for all patients.
When the analysis looked at the risk increase for each additional stressful event, again the association was stronger for events 2 days before than for events 1 day before the attack, and the 2-day increase was statistically significant. Results were similar for patients not suspecting stress as a cause and after adjustment for colchicine use.
We were not able to assess the association between menstrual periods and FMF attacks, because only 3 women in the sample had FMF attacks after their menstrual periods.
The frequency of physical activity was lower prior to the case periods than the control periods (41.8% vs. 60.9%, respectively). We did not find statistically significant differences in the risk of having FMF attacks between the periods of high physical exertion compared with low physical activity in our sample.
Control periods were associated with higher-on-average consumption of high-fat food items, with the mean number of high-fat foods prior to case windows and control windows ¼ 5.3 (standard deviation, 2.8) and 6.3 (standard deviation, 3.2), respectively. Consuming an additional highfat food item on the next day was associated with an estimated 28% reduction in the odds of having an FMF attack (95% confidence interval: 0.53, 0.98) (P ¼ 0.035). Instead, consuming an additional high-fat food item on the second day was associated with an estimated 22% reduction in the odds of having an FMF attack (95% confidence interval: 0.60, 1.00) (P ¼ 0.052). Adjustment for colchicine use did not appreciably change these estimates.
We developed a multivariate model for the probability of having at least 1 attack during the follow-up (Table 4) . Bivariate associations were considered with demographic (age, sex), medical history (age at onset, number of attacks in the past year, use of colchicine, FMF genotype), family history, and stress variables. Age at onset, number of attacks in the past year, and family history of FMF were associated with FMF attacks in the bivariate analyses ( Table 4 ). The strength of the associations was attenuated and did not reach statistical significance in the multiple logistic regression model.
DISCUSSION
To our knowledge, the present study is the first formal epidemiologic study of triggers in FMF. It was conducted in an ethnically homogenous population with a high carrier rate for FMF mutations. Results of genetic testing helped to improve the case definition of FMF. The frequency of the most severe genotype, M694V/M694V (5), was lower in our sample compared with that of the 3,000 FMF patients presented in the report by Sarkisian et al. (23) . The frequency of 2 unidentified mutations in the FMF genotype was 14%, close to that of the Karabakhian and Turkish samples described by Cazeneuve et al. (24) .
We found a positive, statistically significant relation between the number of stressful events and FMF attacks. The highest risk of stress-associated attacks was on the second day.
These results support the previously reported link between FMF attacks and stressful events, such as school examinations, out-of-town travel, social affairs, funerals, and job interviews in 67% of Armenian patients in California (11) .
Earlier studies explored the possible involvement of the sympathetic system in FMF attacks. Hayashi et al. (25) reported increased urinary excretion of adrenalin and suppression of attacks after use of reserpine in a young Japanese male with symptoms resembling FMF. Barakat et al. (26) induced symptoms in 21 FMF patients by infusion of metaraminol, a sympathomimetic agent used for the treatment of hypotension; no symptoms were observed in the controls. The symptoms did not reappear after the use of colchicine therapy, suggesting the modifying role of the treatment (26) . We tested for effect modification using conditional logistic regression analysis, but did not observe a statistically significant interaction.
The observed relation between stress and FMF attacks might be the result of an improper response of the hypothalamicpituitary-adrenal axis to stress. For example, in a study by Sav et al. (27) , FMF patients had higher plasma cortisol levels following stimulation with the adrenocorticotropic hormone (ACTH) during FMF attacks compared with remission periods. Further, reduced reaction of ACTH in the first 30-45 minutes after administration of insulin was noted in patients with FMF compared with healthy and disease controls (28) . Consequently, the authors suggested that the effect of stress on FMF attacks could be the result of dysfunction of the regulatory role of the central nervous system in response to stressors, such as insulin (28) . However, the effect of stress on FMF attacks was delayed in our study. Abbreviations: FMF, familial Mediterranean fever; SD, standard deviation. a The ''date of diagnosis'' was defined as the date of genetic testing for FMF mutations or as the date when the diagnosis was made by a physician as reported by the study participant.
b Four patients had missing values for the date of diagnosis in the entire sample, with 2 in the group with available follow-up and 2 in the group with missing follow-up.
c No mutations were identified at the Mediterranean fever gene (MEFV) locus. d Eleven patients had missing data on the number of attacks in the prior year, with 10 among patients with available follow-up and 1 among patients with missing follow-up.
e The list of family members included mother, father, sisters, brothers, grandparents, aunts, uncles, and cousins. f Individuals who reported their age at the beginning of FMF symptoms as ''at birth'' were coded as zero. g Five patients had missing values for this variable in the entire sample, with 4 in the patients with available follow-up and 1 among patients with missing follow-up.
If early hypoactivity of the hypothalamic-pituitary-adrenal axis in response to stress played an important role, we should have seen more immediate effect. Therefore, it is possible that chronic stress in FMF patients leads to overstimulation of the central nervous system and overproduction of glucocorticoids, resulting in an abnormal immune response implicated in the pathogenesis of FMF. Overproduction of cortisol has a negative effect on ACTH, which over time will lead to decreased production of glucocorticoids and to decreased antiinflammatory effects. Alternatively, recall bias could have produced the increased estimates on day 2 prior to FMF attacks. The patients might have remembered more stressful events in the past when they had attacks, compared with periods when they did not. However, an elevated odds ratio 1 day prior to attacks, when recall bias is expected to be less pronounced, led us to believe that the observed associations are real.
We could not study the relation between menstrual period and onset of FMF attacks because of the rarity of menstruationrelated onset of FMF attacks also described by previous authors (29) . However, the observation that, in most female patients, the attacks cease with pregnancy (12) suggests that hormonal changes might play an important role in the clinical manifestation of the disease. This trigger can be explored in future studies.
In our analyses, we saw a negative, statistically significant relation between consumption of high-fat-containing food (31) . In their study, most patients did not report any changes in the frequency of attacks after implementing dietary restrictions (31) .
To further examine the relation of diet on FMF attacks, it might be beneficial to use more direct measures of fat consumption or to collect more detailed data on food consumption, for example, by using food frequency questionnaires or food diaries.
We believe that 2 main factors contributed to our inability to see the previously reported positive relation between strenuous physical activity and FMF attacks (11, 12) . First, according to our baseline data, the majority of our FMF patients avoided heavy physical activity because of their disease, and more physical activity was observed during the control periods when patients felt better. Second, it is possible that the shorter-length exercise that we assessed in our study is not a strong predictor of FMF attacks. The duration of exposure to heavy physical activity should be looked at as a possible modifying factor for the effect of exercise on FMF attacks.
The study contributes toward revealing nongenetic involvement in FMF pathogenesis. Although the design provided a sound tool for the investigation, some of the disease characteristics led to limitation in data collection.
We could get information about FMF attacks only from the patients, because the majority of them did not seek medical attention. Efforts were made to capture all cases, but some attacks still could have been missed, especially in patients who contributed only control times.
Despite this limitation, the results of our analyses are consistent with those of earlier reports. On the basis of our knowledge of disease pathogenesis and general physiology, we believe that there is a positive relation between experiencing stressful events and FMF attacks. This conclusion is supported by the reported reduction in FMF attacks by treatment of depressive symptoms with selective serotonin reuptake inhibitors (32) . We recommend testing this hypothesis further by introducing stress-reducing interventions in FMF patients.
